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LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible for opinions 
expressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications .] 

The “ Stomatograph.” 

The recent controversy regarding the causes which had 
depreciated the yield of Egypt’s cotton crop, terminating 
in the Egyptian Government’s Cotton Commission of 1910, 
showed very clearly how little accurate knowledge of the 
physiology of the cotton plant was available, more especi¬ 
ally in regard to field conditions. This ignorance was 
most striking in respect to the water relationships, which 
—Egypt being dependent on the Nile for its water—are 
very largely within human control. 

One point of interest in this respect is the action of the 
stomata, especially since I showed that growth is com¬ 
pletely arrested by direct sun, from the first emergence of 
the seedling until late in the summer, the heavy water 
loss involved by the high sun temperature (160° C. in May 
to August) and the low day humidity being the limiting 
factor. 

Investigation of plant physiology in the field, however, 
usually requires special and automatic apparatus, and no 
suitable appliances were available for investigation of the 
stomata. After several trials I succeeded in constructing 
a self-recording form of Mr. Francis Darwin’s “ poro- 
meter, ” which will work without appreciable errors under 
any variation of wind, sun, temperature, or barometric 
pressure, in rain or in dust-storms. 

Briefly described, the apparatus consists of an electrical 
air-pump expelling 3 c.c. of air at each stroke under a 
constant pressure of 1 millimetre of mercury. The out¬ 
flow^ tube is closed by a definite area of leaf, so that the 
air _ in escaping has to pass through the leaf tissues. The 
resistance to this escape depends almost entirely on the 
aperture of the stomata, of which there are some seventy 
on the upper leaf surface and two hundred on the lower 
in adult leaves of Egyptian cotton. The rate of escape is 
a direct measure of the porosity of the leaf, as in the 
“ porometer. ” A relay circuit is operated when one stroke 
°f\ the pump has been completed, and this telegraphs the 
signal to an electromagnet carrying a pen on" its arma¬ 
ture ; this pen writes on a spiral drum which revolves 
once every hour. 

The complete appliance is very convenient in use, being 
composed of a box like a microscope case, which is placed 
on the ground under the plant to be examined ; from this 
box issues the air-tube leading to the leaf and the tele¬ 
graph wire to the recorder. The number of adjustments 
which have toy be made in the field is thus reduced to a 
minimum, which is no unimportant consideration under 
the field conditions obtaining during an Egyptian summer. 

The trace of five consecutive days recorded from the 
same leaf without adjustment shows the stomata slowly 
closing as the hottest part of the day approaches, then 
closing when the sun goes behind the trees at 1.40 p.m., 
and remaining dosed all night, opening slowly after sun¬ 
rise, more rapidly when the direct sun strikes the leaf 
about 7 a.m., attaining a maximum at 9 a.m., and thence¬ 
forward closing steadily, in spite of the brilliant illumina¬ 
tion, since the soil around the roots is being dried up by 
the heavy transpiration. 

A side-issue from such records as this, which promises 
to give further unexpected results, deals with the effect of 
such stomatal closure on assimilation of C 0 2 . I have 
already mentioned that the stem of an Egyptian cotton 
plant does not grow in sunshine, and it appears that the 
growth of the root is also checked ; it now seems not un¬ 
likely that photosynthesis may also be arrested or reduced 
after a certain hour of the day through stomatal closure, 
this closure being dependent on the development of the root 
system and on the water content of the soil. 

The beneficial effects of Egyptian sunshine seem to be 
rather indirect. W. Lawrence Balls. 

Ghezireh House, Cairo, Julv to. 
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Photograph of Multiple Lightning Flash. 

1 beg to enclose a copy of a remarkable flash of lightning 
which I took some years ago in Uruguay, South America, 
and which, so far as I know, has never been published— 
with my knowledge or permission, at any rate. 

This copy is an enlargement from a small negative 
about 1 \ inches square, and shows the curious curl-like 
form in some of the streaks. One noteworthy point about 
this photograph is that I “ snapshotted ** it. I had wasted 
many plates in the usual way, and obtained nothing of 
any value, but noticed that before every big flash there 
was a slight flicker in the clouds where the flash came 
from; I waited for this, let the shutter go just as I saw 
the flicker, and obtained the enclosed result. 

Uruguay is noted for its severe thunderstorms, and 
animals, fences, trees, and houses are constantly struck. 
Some years before this photo was taken a powder- 
house was blown up by lightning not far from where 
this flash occurred, and in the sand a few miles off 



I found a fulgurite—a glass tube about 2§ inches io 
diameter made by the lightning striking and fusing the 
sand. These fulgurites are mentioned by Darwin in “ The 
Cruise of the Beagle he found some near Monte Video,, 
also in Uruguay. A. E. Walby. 

67 Lansdowne Street, Hove, Brighton, July 27. 


The Rearing of Sea Urchins. 

I have read with much interest in Nature of July 27 
a short letter from Prof. Stanley Gardiner in which he 
communicates the fact that a hybrid of the species Echinus 
esculentus and E, miliar is was successfully reared from 
the egg through all the larval period until after the com¬ 
pletion of metamorphosis in the zoological laboratory at 
Cambridge. It may interest your readers to learn that by 
means of salt-water aquaria established last year in the 
zoological laboratory of the Imperial College of Science in 
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London we have reared very considerable numbers of 
E. miliaris from the egg through the metamorphosis. The 
eggs were fertilised in the beginning of April, and when I 
left London in the middle of June there were many young 
Echini creeping about. The details of the methods adopted 
will be described in a paper shortly to appear in The 
Quarterly Journal of Microscopical Science. Last year we 
reared the eggs of the Serpulid Pomatoceros until the larvae 
had attained the adult condition and had formed tubes, 
which were attached to the sides of the vessel in which 
they were. E. W. MacBride. 

Marine Biological Association of the West of 
Scotland, July 28. 

FLIGHT, NATURAL AND ARTIFICIAL . 1 
N the words of the introduction, “The object of 
this report is to place at the disposal of the 
members of the society some of the information now 
available regarding the physical characteristics, powers 
of flight, &c., of birds. It must be clearly understood 
that, owing to the great difficulty experienced in col¬ 
lecting the details of weights, wing area, &c., the 
report is of a temporary nature only, and does not 
profess to give the fullest possible information regard¬ 
ing the subject dealt with. The details given, how¬ 
ever, have been taken from the best available sources, 
and it is hoped that the report as a whole will be 
found a useful introduction to the study of bird flight.” 
It will be seen that original observation and experi¬ 
ment did not fall within the scope of the committee, 
but, subject to this and the other limitations men¬ 
tioned above, the results of their labours cannot fail 
to be of value. 

The first section deals with the classification of 
birds from (a) the ornithological and ( b ) the aero¬ 
nautical point of view. Under (a) table i. gives a 
classification after Finn into twelve main groups, 
further subdivided into families. The aeronautical 
classification presents difficulties. In table iii., 
column 17, are given the values of Sl/W*, S being 
the surface and W the weight, together with other 
particulars for a large number of birds. 

Section ii. is devoted to a description of the prin¬ 
cipal sorts of flight and of various manoeuvres, such 
as turning in the air. Under the first head are men¬ 
tioned gliding flight, flapping flight, and soaring 
flight, of which, however, the first does not differ 
essentially from the third. Instructive photographs 
after Marey and Milla are reproduced. Soaring has 
been the subject of much discussion at various times, 
no small part of it being hopelessly confused by mis¬ 
understanding of mechanical principles. Even in the 
present section paragraph 12 is not above reproach. 
The comparison of soaring with the normal perform¬ 
ance of a sailing ship is certainly misleading. 

When a bird maintains or increases his elevation 
without working his wings, the explanation is to be 
sought in a special movement of the air. It cannot 
be too much emphasised that for this purpose a 
uniform horizontal wind is of no avail. The larger 
soaring birds, such as condors and pelicans, probably 
find their support on ascending currents. Such cur¬ 
rents must exist, though we on the ground perceive 
little of them. Even though the wind be strictly hori¬ 
zontal in the space where the bird is flying, advantage 
may be taken of variation with height or with time. 
As a matter of fact, the wind, near the ground at 
any rate, is always more or less gusty. 

Travellers at "sea have frequent opportunity of 
making interesting observations. In these latitudes 
one may see gulls following the ship and taking ad¬ 
vantage of upward currents deflected from the sails 
or hull. From other parts of the world the albatross 

1 Aeronautical Society of Great Britain. First Report of the Bird Con¬ 
struction Committee. Compiled by Col. J. D. Fullerton. Pp. 61. (London : 
Aeronautical Society of Great Britain, 1911.) Price io£. 6 d. net. 
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is often reported to follow the ship, maintaining his 
position for minutes or hours together without flap¬ 
ping of wings. Since in this case the distance from 
the ship may be considerable, one must appeal to 
upward currents deflected from the waves or to the 
other specialities of wind already mentioned. But is 
it certain that a flapping of the wings could not 
escape attentive observation ? One would have sup¬ 
posed so; but the evidence is not free from ambiguity. 
Following upon a lecture upon the mechanical prin¬ 
ciples of flight, given in 1900, 1 a correspondent sent 
me an instantaneous photograph of an albatross flying 
“ very near indeed ” to the ship. In the picture the 
wings appear elevated as if near the top of a stroke, 
but to the observers at the time “ the wings were fully 
extended in a line with the body.” In answer to 
further inquiries my correspondent wrote : “ Without 
question none of the many passengers who were 
watching the albatross (which was exceptionally near 
the side of the ship) saw the slightest movement of 
the wings when I took my snap-shot. To all appear¬ 
ance they were fully extended and immovable—cer¬ 
tainly 10 to 12 feet from tip to tip.” Here, indeed, 
is a question worthy of further attention from travellers 
in the southern seas. 

Section iii. of the present report deals with weight, 
wing area, &c. The heaviest bird in the table is the 
Californian vulture, weighing i3‘6 kilog. (30 lb.). 
The bird carrying the greatest weight per sq. m. 
is the whooper swan (2i'3 kilog. per sq. m.). In 
section iv. we find observations and calculations 
regarding the velocity of birds, the power expended, 
&c. It appears that the maximum speed in ordinary 
flight does not much exceed 50 miles per hour, and 
that no bird moving near the earth’s surface attains 
the enormous speed with which flying creatures are 
sometimes credited. These speeds are, of course, 
relative to the air. At considerable heights migrating 
birds may easily experience winds of like amount, so 
that 100 miles per hour, or more, relative to the 
ground may well be admissible. 

The opinion is expressed that the power required 
for flapping flight has been much exaggerated. This 
may be true as regards regular horizontal flight, but 
it remains a fact that the power exerted by some 
birds, e.g. pigeons, in rising nearly vertically is very 
great. The question was discussed by Penaud in 
1876, “ In the ascent the total work developed by the 
bird is divided into two parts, the one fixed, that is, 
the work of elevation; the other variable and increas¬ 
ing with the time, that is, the work dispensed in 
finding a support in the air.” 

“ It is thus to the interest of the bird to rise as 
quickly as possible, which it generally does, even 
when under no sense of fear. Their velocity of direct 
ascent is always several yards per second.” And, 
further: “Thus, and apart from all theory, it is 
certain that birds are capable of developing momen- 
tarilv a force corresponding at least: for the peacock, 
to 1 horse-powder for every 66 lb., and for the pigeon 
and ring-dove, 57 lb.” ; and, as before mentioned, the 
work of elevation is not the whole. 

In these days there is a natural tendency to over¬ 
look the work of the early pioneers. In principle 
not much has been added to the conclusions of Wen- 
ham and Penaud, and the latter constructed actual 
flying-machines. What -was wanted to make flight 
practical was the advent of the light motor, as de¬ 
veloped for the motor-car. When this became avail¬ 
able, the skill and courage of such men as the brothers 
Wright soon led to successful human flight. Further 
progress is assured, but how far it will go would 
require a bold man to prophesy. Rayleigh. 

Manchester Memoirs, xliv., p. i ; Scientific Papers, iv., p. 46? 
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